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ABSTRACT
Rainwater harvesting is the capture and use of rainwater that falls in a particular
place. Although shown by archeologists and paleohydrologists to be a frequent use of
water in the past, rainwater harvesting began to decrease, except in very rural areas, once
well production and municipal utilities began to supply reliable volumes of water. As our
population grows in the southwestern United States and water availability becomes
diminished, rainwater harvesting is once again appearing as a viable technology.
Although several southwestern states including Texas, Arizona, and New Mexico are
beginning to incorporate rainwater harvesting systems into planning procedures,
statewide regulations for potable water do not exist in building or plumbing codes. Even
though these codes have yet to incorporate rainwater harvesting for potable use, I have
begun the construction of a residential home in Alto, New Mexico, to demonstrate that
not only is rainwater harvesting a viable source of water for household and potable use,
but a rainwater harvesting system can be used if water availability is scarce, or the water
resource is mismanaged by a municipality. By comparing many variables, I have
illustrated that precipitation in Alto, New Mexico, coupled with an accurate holding
capacity can sustain a conservative two-person household. This paper applies the
concepts found in publications about rainwater harvesting systems found in the United
States and Australia to the actual construction of a residential home. In addition to
detailing how to build a home for rainwater harvesting from roof area to purification, this
paper has been designed as proof that in certain situations, a rainwater harvesting system
can be a more dependable and economical source of water than conventional methods.
Although the home construction is still in progress, this paper should be used as a
resource to aid in home construction relying on rainwater harvesting.
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INTRODUCTION
Throughout the arid southwestern United States, water availability has become an
ever-increasing issue to growing populations amid threatening drought conditions. To
help aid in the prevention of potential, future water strains on already losing systems,
many states are requiring conservation measures for their communities. One such
measure for potential water savings is the implementation of rainwater harvesting
systems. Some forms of rainwater harvesting have long been used in the Southwest by
early Native Americans. For example, the Zuni used waffle gardens, a form of terracing
that, instead of holding back rainwater, slowed runoff to allow for maximum infiltration
during the summer monsoons in the Colorado Plateau (Palmbach, 2004). More recent
research has shown a “correlation between heightened historical human efforts for
construction of rainwater harvesting structures across regions in response to abrupt
climate fluctuations, like aridity and drought” (Pandey, 2003). Although typically used
by these agricultural producers for over thousands of years, as our population grows in
the southwestern United States and water availability becomes diminished, rainwater
harvesting is once again appearing as a viable technology (Pandey, 2003). However,
adequate information on the use of rainwater harvesting systems for potable use is
missing in discussions of conservation measures and regulations on rainwater harvesting
systems in the Southwest and in particular New Mexico. The information that should be
included concerns the design and construction of homes for capture of rainwater for all
indoor uses, including potable uses. The unavailability of such information has caused
many communities to overlook and/or deny this type of home construction in New
Mexico.
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Rainwater harvesting is a viable potable water source in New Mexico. In order to
demonstrate that rainwater harvesting is a viable water alternative for household use and
consumption, I have designed and begun the construction of a house in the Sierra Vista
subdivision in Lincoln County in Alto, New Mexico. The house will be sustained entirely
from a rainwater harvesting system, and I have imposed safeguards governing my
construction to ensure clean drinking water, without a fall-back well or connection to a
city utility. This paper is designed to first look at the use of rainwater harvesting systems
for non-potable use in several states and their associated regulations. Guidelines from
Australia and New Zealand for potable use from rainwater harvesting systems will then
be discussed and adapted to aid in additional compliance with New Mexico plumbing
codes and regulations. The reasons that necessitated designing a house for capture of
water for potable uses in this location will be introduced. The paper will then focus on the
design of rainwater harvesting for potable use in the house at 113 Chula Vista Circle in
Alto, NM, and will follow with some conclusions.

State Regulations on Rainwater Harvesting Systems
As its popularity has gained over the years, the implementation of harvesting
systems has been included into conservation measures, ordinances, and regulations in
many states, such as Texas, Arizona, and New Mexico. Although each of the states has
distinctive views on conservation, each has very similar regulations that govern rainwater
harvesting. The following sub-sections examine how each of the above named states
includes rainwater harvesting in its conservation measures.
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Texas
Rainwater harvesting in Texas has become a very progressive part of the water
conservation plan. Research has shown that as of 2005 approximately 400 rainwater
harvesting systems are in use in Central Texas, including several very large-scale
applications. The Wells Branch Municipal Utilities District in North Austin, captures
rainwater off a 10,000 square-foot recreation center and uses the water for supplemental
irrigation, and the Lady Bird Johnson Wildflower Research Center in Austin harvests
approximately 300,000 gallons of water per year for irrigation of its plants. In addition to
these full-scale systems, rain barrels are being installed in record numbers because of
Senate Bill 2 of the 77th Legislature which provides an incentive which not only exempts
rainwater harvesting equipment from sales tax but also allows local governments to
exempt the systems from property taxes (Texas Water Development Board, 2005).
Texas, which has shown to be an active state for the implementation of rainwater
harvesting systems, has published the “Texas Manual on Rainwater Harvesting”. This
manual details how to set up a rainwater harvesting system, use the captured water for
non-potable and potentially potable uses (although it includes a disclaimer because
national regulations do not exist to govern potable, collected rainwater), and includes a
chapter on rainwater harvesting guidelines. As the manual states, “No national standards
exist for rainwater harvesting systems. As a result, efforts abound to give assistance to
those considering using rainwater as a water supply at state and local levels” (Texas
Water Development Board, 2005). Texas relies on voluntary guidelines, adapted from
other sources throughout the United States and abroad, to draw conclusions on what
rainwater harvesting best-management practices (BMPs) should be adopted in that state.
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These voluntary BMP’s include guidelines on tank construction and liner construction.
In addition to the voluntary BMP’s, Texas also has some established regulations
embedded in one building code promoting some aspects of rainwater harvesting systems.
“Texas, HB 645, passed by the 78th Legislature in 2003, prevents homeowners
associations from implementing new covenants banning outdoor water-conserving
measures such as composting, water-efficient landscapes, drip irrigation, and rainwater
harvesting installations. The legislation allows homeowners associations to require
screening or shielding to obscure view of tanks” (Texas Water Development Board,
2005).
Although this building code is specific to homeowners associations, regulations
do not exist for new construction, retrofitting systems to old construction, or for any
safety precautions for either the homeowner or other citizens. However, in May, 2005 the
Texas Legislature passed House Bill 2430, which establishes a committee on rainwater
harvesting. This evaluation committee is intended to recommend “minimum water
quality guidelines and standards for potable and non-potable indoor uses of rainwater”
(Texas Water Development Board, 2005). This committee, comprised of professionals
from American Water Works Association-Texas section, Department of State Health
Services, Texas Water Development Board, and the Texas Commission on
Environmental Quality, plans to present its findings to the Texas Legislature in
December, 2006.
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Arizona
In an area where evaporation exceeds precipitation 7:1, not only is water
conservation needed, but the use of rainwater should be promoted (DiFrancesco, 2006).
Arizona and in particular Tucson are also applying rainwater harvesting guidelines
through the land use and planning departments in the area. A 2003 publication by the
City of Tucson titled “Water Harvesting Guidance Manual” details how to apply
rainwater harvesting techniques to the landscape. Although this guide shows homeowners
proper techniques for small-scale applications, it was prepared primarily for developers,
engineers, and contractors for use in their respective fields to apply rainwater harvesting
in various forms from contour swales, gabions, French drains, and cisterns to large-scale
applications such as public right-of-ways, commercial buildings, and large developments
(Phillips, 2003). Although the City of Tucson has published a rainwater harvesting
guide, my research has not shown there to be any rebates offered in Arizona for the
installation of rainwater harvesting systems. However, Tucson has adopted several code
requirements for rainwater harvesting which are listed below.
(1) LUC Section 3.7.1.1.A “Landscaping is intended to accomplish energy, water,
and other natural resource conservation, and, per sections 3.7.1.1.A.4 and .5 to
“reduce soil erosion by slowing storm water runoff” and “assisting in
groundwater recharge.”
(2) LUC Section3.7.4, Use of Water, Section 3.7.4.3.B, Storm Water Runoff,
“Grading, hydrology, and landscaping structural plans are to be integrated to
make maximum use of site storm water runoff for supplemental onsite irrigation
purposes. The landscape plan shall indicate use of all runoff, from individual
catch basins around single trees to basins accepting flow from an entire vehicular
use area or roof area.”
(3) LUC Section 3.7.4.5.B, Irrigation, “Storm water and runoff harvesting to
supplement drip irrigation are required elements of the irrigation system for both
new plantings and preserved vegetation.”
(Phillips, 2003)
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Although the guide is very specific to the engineering specifications pertinent to
rainwater harvesting, it does not include any information about using rainwater for
potable uses. There are, however, two residences that have been set up as rainwater
harvesting experiments. The Casa del Agua in Tucson and the Desert House in
Phoenix have been retrofitted for rainwater harvesting. Both occupied, these houses
have been set up as research facilities for applying rainwater harvesting for domestic
uses. Both families are expected to show results for the effectiveness of these types
of applications (Gelt, 2006). Arizona is on the forefront for rainwater harvesting
development, as shown above, but the following section will detail how New Mexico
has advanced the implementation of rainwater harvesting.

New Mexico
New Mexico, one of the many southwestern states actively pursuing water
conservation through rainwater harvesting, has also published a guide for rainwater
harvesting titled “Supply from the Sky, The Albuquerque Guide to Rainwater
Harvesting”. This publication includes information on the basics of rainwater harvesting
although the city has been slow to provide reasonable incentives to install rainwater
harvesting systems (City of Albuquerque, 1998). The Albuquerque rebate for water
barrels is only a $25.00 rebate on the next water bill. New Mexico is, however, very
active in providing up to a $100.00 rebate on the installation of low-flow appliances, such
as toilets and washing machines (New Mexico Drought Task Force, 2004). Although not
effective in providing rebates and incentives for rainwater harvesting systems, New
Mexico is advanced in regulations and ordinances pertaining to these types of systems.
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New Mexico has helped pave the way for implementing roof precipitation into
building codes.
“The 2004 Legislature passed House Bill 197 proposed to be codified at 60-13-44
NMSA 1978 amending the Construction Industries Licensing Act to provide minimum
standards for the collection of precipitation from commercial buildings (New Mexico
Drought Task Force, 2004).
“Section 60-13-44(D) NMSA 1978 being Laws 1967, Chapter 199, Section 52 (as
amended), states that the general construction bureau shall recommend to the
commission minimum standards for requiring all new construction of commercial
buildings that have landscaping to provide for collection of precipitation from roof
surfaces. The minimum standards may include standards for collection surfaces
and
conveyance systems, inlet flushes or filters, storage in tanks or cisterns, retrieval,
distribution, monitoring, overflows and spillways, vermin control and operations and
management. The water collected shall be used for native landscaping and may be used
for non-potable uses in the building. These standards shall apply to all harvesting from
roofs” (New Mexico Drought Task Force, 2004).

Santa Fe Design Standards
In addition to this code, the county of Santa Fe, New Mexico, has taken rainwater
harvesting a step further with mandatory installation of rainwater systems on both
commercial buildings and residential buildings with over 2,500 square feet of heated
area. Adopted by the Land Use Department in October 2003, Ordinance 2003-6
“requires that commercial developments collect all roof drainage into cisterns to be
reused for landscape irrigation. All residential development is required to collect roof
drainage from a minimum of 85% of roof area to be reused for landscape irrigation.
Homes consisting of 2,500 square feet or greater of heated area must install underground,
partially buried, or insulated cisterns, while homes under 2,500 square feet of heated area
must submit a rainwater catchment plan with their development permit application”
(Santa Fe County Land Use Department, 2003). The following design standards, taken
from “Opportunities for Local Governments and Water Providers in New Mexico to
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Adopt Ordinances and Regulations to Conserve Water: A Report for the New Mexico
Drought Task Force” apply to both commercial and residential construction:


All cistern covers or lids shall be locking.



Any spigot/outlets connected to these systems shall be marked “nonpotable water”.



Any buried systems shall meet berm and backfill compaction standards
included herein.



All piping shall be underground to prevent freezing and shall be at a
minimum depth of 24 inches.



All systems shall be designed to drain away from footings/foundations.



All systems shall install a screen/sediment trap/filter to prevent particles
from entering the system.



Clear or white partially buried cisterns shall not be permitted unless
painted or enclosed to prevent algae from growing or deterioration of the
screen.



If commercial development proposes to capture rainwater from parking
areas, a catchment and filtering plan shall be submitted with the
preliminary development plan for staff review.



All proposed systems shall be in compliance with Santa Fe County and the
National Pollutant Discharge Elimination System (NPDES) Program
Phase II Requirements.



If cisterns are to be used to reduce ponding for storm water
retention/detention, the system shall be designed by a professional
engineer.
Excess storm drainage generated from other impervious surfaces, shall be
drained into surface retention/detention ponds as per terrain management
requirements.
(New Mexico Drought Task Force, 2004)



Although both commercial and residential regulations have the above design
standards in common, each individual construction has a set of design standards unique to
that type of zoning. However, not all municipalities in New Mexico are as progressive as
________________________________________________________________________
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Santa Fe. The New Mexico state law does leave the majority of rainwater harvesting to
the individual municipality, taking the state out of any regulatory process besides what
has already been discussed (New Mexico Drought Task Force, 2004). These sub-sections
have shown how rainwater harvesting for non-potable use has been applied, and the
regulations and ordinances associated with those applications. The subsequent section
will discuss Australia’s management of rainwater and show how those guidelines can be
adapted for use in water regulations in New Mexico.

Rainwater Management in Australia
Taken from the publication on rainwater tanks that was created by both the
National Health and Research Council and the Agriculture and Research Council of Australia and
New Zealand, these
“Guidelines define good quality drinking water from the perspectives of both

health and aesthetics. They are intended as the primary reference on drinking water
quality in Australia, and as a basis for negotiating the quality of drinking water supplies
throughout the country” and “for the purposes of these Guidelines, drinking [potable]
water is defined as water that is intended primarily for human consumption, but which
has other domestic uses” (National Health and Research Council and the Agriculture and
Research Council of Australia and New Zealand, 1996).
These guidelines on rainwater tanks discuss a range of water quality issues that
are pertinent to all water that could potentially be potable and provide detailed charts for
water quality monitoring, including sections for microbiological quality, individual
micro-organisms not subject to regular monitoring, physical characteristics, inorganic
chemicals, organic disinfection by-products, organic compounds, pesticides, and
radiological quality (in mg/L and Bq/L). These charts can be referenced in Appendix A.
It should also be noted that these guidelines are not mandatory but do represent
acceptable water quality standards for Australia and New Zealand (National Health and
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Research Council and the Agriculture and Research Council of Australia and New
Zealand, 1996).
Although guidelines for rainwater tanks are in place for all of Australia and New
Zealand, the government leaves individual regulations for rainwater harvesting systems
to the states and municipalities. In addition to the 1996 Australia Drinking Water
Guidelines, the Australian Capital Territory has published “Rainwater Tanks: Guidelines
for Residential Properties in Canberra,” which details how to install and use a rainwater
harvesting system.

Plumbing Requirements for Rainwater Harvesting
The publication also includes a section on plumbing regulations imposed on these
systems. The plumbing requirements for the rainwater tanks are listed below. These
requirements summarize the AS/NZS 3500 Section 14 requirements for residential
property installation of rainwater harvesting systems.
1) “All plumbed piping systems delivering rainwater to taps, fixtures or appliances
in the house must be installed by a licensed plumber and meet the requirements of
ACT plumbing legislation and AS/NZS 3500.
2) As a general rule there must be no direct connection between a rainwater tank
plumbing system and potable water plumbing pipes served by actewAGL’s
reticulated drinking water network (in special cases interconnection may be
permitted if the risk is low and additional failsafe engineering controls are
evaluated and approved by the ACT Planning and Land Authority and
ActweAGL).
3) Where a higher risk of contamination of the water supply is identified the
plumbing regulator, the ACT Planning and Land Authority, or ActewAGL may
require the property owner to install a higher hazard backflow prevention device
at the property owner’s cost.
4) Rainwater plumbing work serving internal taps, fixtures or appliances, must be
notified to the ACT Planning and Land Authority using a ‘Start of Work’ notice
before work is to commence.
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5) A top-up facility (drawing water from the Actew network) requires a ‘Start of
Work’ notice.
6) The plumber must arrange for all drinking-water and rainwater plumbing work to
be inspected by the ACT Planning and Land Authority.
7) The plumber must submit a Certificate of Compliance to the ACT Planning and
Land Authority and the customer at completion of the work”.
(Australia Capital Territory, 2005)
By coupling rainwater harvesting regulations with plumbing codes, the Australian
Capital Territory has allowed rainwater harvesting systems to provide a viable
potable water alternative to this region. By implementing this type of regulatory
authority to include rainwater harvesting systems into already existing plumbing
codes, New Mexico could also use rainwater harvesting systems as viable potable
water sources. The following sub-section will discuss how New Mexico could mimic
Australia and the Australian Capital Territory’s rainwater harvesting regulations by
coupling them with existing plumbing codes ( which are similar to Australian
Plumbing Codes) and will discuss how the plumbing will be completed at 113 Chula
Vista Circle.

Adaptations for New Mexico
New home construction in the United States, including New Mexico, usually
begins with the hiring of a general contractor. The contractor then either performs all
of the construction of the house with a crew or hires sub-contractors to work on
certain facets of the home construction. In addition, a licensed electrician is hired to
complete the electrical work, and a licensed plumber is hired to perform the plumbing
work. If home construction is done in this way, specifically in New Mexico, then the
rainwater harvesting regulations and plumbing codes employed by the Australia
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Capital Territory listed above could be adapted to the house. If New Mexico would
adopt those regulations listed above and couple them with the 2003 New Mexico
Plumbing Code, which is an adaptation of the 2003 Uniform Plumbing Code, then
rainwater harvesting systems could be installed by a licensed plumber and approved
for the construction industry. However, since these regulations and codes do not
coexist at the current time, the construction of the house at 113 Chula Vista Circle in
Alto, New Mexico, will complete everything using a homeowner’s permit. In New
Mexico, a homeowner has the right to build a house by obtaining a homeowner’s
permit and potentially install their own electrical work and plumbing work if they are
able to pass a homeowner’s electrical and plumbing test. The Homeowner’s
Plumbing Permit in New Mexico requires the homeowner to submit to the New
Mexico Construction Industries Division the following items:
1) A completed Application
2) An Isometric drawing
3) $25.00 application fee
The industry isometric drawing of the plumbing system that will be installed at 113 Chula
Vista Circle will include the following:


The type of material (copper, ABS, etc.) to be used



The size of each section of piping



The type of each fitting to be used in the waste and vent system



The sizing of each section of piping for both the hot and the cold
distribution lines.

(New Mexico Construction Industries Division, 2006)
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Once this permit is obtained, the plumbing installation will tie the rainwater tanks as the
water source to the rest of the house, specifically following the New Mexico Plumbing
Code, and will have to pass a mandatory state inspection. In addition, water quality
standards will be met in accordance with New Mexico Environment Department
regulation with additional reference made to Appendix A of this document, which
includes Australian Drinking Water Guidelines (1996). The construction of the house
with the rainwater harvesting system, setup, and water quality will be discussed in a later
section. The following section, however, includes the reasons that necessitate rainwater
harvesting and will follow with the detailed design of the rainwater harvesting house at
113 Chula Vista Circle in Lincoln County in Alto, New Mexico.

Reasons Necessitating Implementation of Rainwater Harvesting
The house that is being constructed at 113 Chula Vista Circle is located in the
Sierra Vista subdivision, a small community of about 60 houses relying on domestic wells,
located approximately 2 ½ miles off highway 532 (also known as Ski Run Road). A
vicinity map depicting these locations is shown on the following page. This subdivision is
situated on the slopes of the Little Creek watershed, a sub-watershed to the larger Eagle
Creek watershed. Within the Eagle Creek watershed the Village of Ruidoso drilled several
wells in the 1980’s on United States Forest Service land to serve three-fourths of the
municipal supply. Since this time many homeowners in the subdivision have had
drastically reduced pumping rates, such as 2-4 gallons a minute and have had to deepen
their wells from the initial 100 feet or less to 400 to 500 feet and some even close to 1,000
feet (Midkiff, 2002).
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One well, 100 feet away from the Chula Vista house, was drilled to a depth of 900 feet and
was only seeping approximately 1 gallon per minute at a cost of $20,000 dollars. New
Mexico water law makes it difficult to curtail existing water uses so a new use can be
implemented. Excessive municipal pumping is the primary culprit in declining
groundwater levels and pumping rates in the Sierra Vista subdivision. This caused my
decision to design the rainwater harvesting house at 113 Chula Vista Circle. In addition,
the lack of resource management by the Village of Ruidoso, as shown in the section below,
will eventually lead to the depletion of all ground and surface water resources in the area,
except for precipitation.

Rejection of the 40 Year Water Plan
The Village of Ruidoso was asked by the Office of the State Engineer to produce
a 40-year water plan to ensure the availability of the water resource, based on growth
projections for the area. The Village submitted its plan in February of 2004, and it was
quickly rejected by the Office of the State Engineer based on the following reasons:
(1) The plan did not “characterize available water supply and water sustainability
over the 40-year period”
(2) The plan needs to “prepare a water conservation plan, which includes new
conservation measures that the Village will develop, schedule for their
implementation, and [identify] the methods that will be used to evaluate the
effectiveness of each measure”
(3) And “prepare a drought management plan, which will include trigger criteria, a
phased management strategy and level of response, actions that will be taken in
each phase, and establishment of a drought task force to coordinate
communication, mitigation, and emergency actions (SEO Memorandum, 2004).”
Furthermore, the plan did not include any discussion or data for what will occur if
there is ever a prolonged drought. The Village based all of its projected water
calculations on water availability at normal, non-drought conditions. In addition, Section
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4.1 contains a list of the sources of “water supply in the Eagle Creek and in the Rio
Ruidoso basins, with 11 active wells capable of together producing peak production
capacity of approximately six million gallons per day, and sustainable well capacity from
the existing wells under normal or non-drought conditions” (Village of Ruidoso 40-Year
Water Plan, 2004). The Office of the State Engineer found Section 4.1 to contain
statements that are disconcerting because “the Plan does not contain any specific
technical data about surface and groundwater sources to substantiate the estimates” and
that “sustainable capacity of the wells under ‘normal or non-drought conditions’ is not
technically sound and not helpful for the understanding of the sustainability of the water
sources” (SEO Memorandum, 2004).
Overall, the main problem with the Village of Ruidoso’s 40 Year Water Plan is
that it overestimates the productivity of the Eagle Creek wells, primarily the North Fork
wells, based on their paper water rights, not the reality of actual wet water availability.
The problem lies with the water rights the Village acquired in 1984 by a Special Use
Permit from the USFS and a permit from the Office of the State Engineer to water within
the Eagle Creek watershed. The engineer who “found” the water claimed that the water
was in “an isolated system which is hydraulically unconnected with ground or surface
water of the Pecos River System” (Midkiff, 2002). Ruidoso’s Eagle Creek water rights
total 7,146 acre-feet/yr; however, average production since 1991 is only 1,234 acrefeet/yr with a maximum production in 1995 of 1,531 acre-feet/yr. In the 2003 drought
year, wells in the Eagle Creek watershed only produced 743 acre feet (Ruidoso River
Association, 2004). The Village, once used the Eagle Creek Watershed for 2/3 of its
water supply, is now only able to pump 1/3 at times, and more recently has had to shut
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down the North Fork Wells completely for extended times because the wells are surging
(Midkiff, 2002).
When water availability is non-existent from the North Fork Wells, the Village
takes water from the Rio Ruidoso for its water supply, from which it only has title to 486
acre feet (which is the storage in Grindstone Reservoir). The plan, however, states that
the groundwater wells (Cherokee and Hollywood) that are tied to the Rio Ruidoso are
capable of producing 6,721 acre-feet/year. This statement lulls people into a false sense
of security because the Village only has a right to 486 acre feet per year of that 6,721
acre-feet/year pumping capacity. The Village plan insinuates ownership through these
types of statements (Ruidoso River Association, 2004). Table 1 shows the Village of
Ruidoso’s paper water rights amounts versus actual wet water available in the system.
Table 1. Village of Ruidoso Water Rights,
Acre-Feet/Year
Nominal Water Rights
(from 40 – Year Water
Plan)
Reliable Water Rights
Average
2003 Drought
Eagle Creek
7,146
1234
743
Ruidoso River
486
486
486
Effluent Credit
800
150
33
Total
8,432
1,870
1,262

Source: Ruidoso River Association, 2004
The amount of wet water shown in the table above is the same amount that the
Village is using for its growth projections to the year 2020, and beyond (Village of
Ruidoso 40-Year Comprehensive Plan, 2003). Furthermore, the 40 Year Water Plan
projects growth to triple the current 7,500 current full-time residents within the next 40
years but continues to use the same amount of water. At present, the municipal water
supply needed for the Village is approximately 2,400 acre-feet/yr. Thus if the population
triples, the amount of water needed will triple as well. This means that growth could not
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occur. Growth management should be implemented so that growth and water availability
happen conjunctively. Although a massive overhaul of the current water use by the
Village should be undertaken and a watershed management plan implemented for the
Eagle Creek watershed, it is imperative to adopt conservation measures, such as those
being employed at 113 Chula Vista Place, to ensure water availability.

Designed For Capture: Construction at 113 Chula Vista Place
The house located at 113 Chula Vista Place in Lincoln County in Alto, New
Mexico, has been in the building process since its conception in March, 2005. Initially,
the construction was designed for a green built house with two 3,000 gallon cisterns to
serve for irrigation for native gardens and to slow the runoff rate. Potable water was to
come from a domestic 72-12-1 well. The house has a little less than 2,000 square feet of
heated space, but a roof area of 2,500 square feet, including covered porches. The house
is designed for three bedrooms and two bathrooms. The design and plan for the house
changed in May, 2005, when a well 100 feet away was drilled to a depth of 900 feet and
was only seeping approximately one gallon per minute at a cost of 20,000 dollars. It was
at this time that the house was reconfigured to accommodate a rainwater harvesting
system on a 2,500 square-foot roof area using five, 3,000 gallon cisterns, which could
serve a two-person household for one year, based on the average rainfall in Ruidoso, NM.
Figure 1 shows the style and progress of the home as of October, 2006.
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Figure 1. Picture of Chula Vista House as of October 2006.

Photograph by Christina Humphries

Precipitation Calculations
I chose to rely on both Ruidoso rain data and USDA data from the Natural Resource
Conservation Service SNOTEL station located on Sierra Blanca to provide a more
accurate portrayal of precipitation data. The home at 113 Chula Vista is located
approximately 1,500 feet above the Village of Ruidoso and 3,500 feet below the Ski
Apache Ski Area. Table 2 shows the average annual precipitation for several New
Mexico towns, including Ruidoso. This data, found in the Albuquerque Publication,
Supply From the Sky, was taken from the Western Regional Climate Center’s
Comparative Data on the Western States with a period of record from 1942-2004.
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Table 2. Inches of Average
Monthly Precipitation for NM
Towns
NM Towns
Abiquiu
Dam

Jan

Feb

Mar.

April

May

June

July

Aug

Sept

Oct

Nov

Dec

Annual

0.38

0.26

0.51

0.55

0.83

0.71

1.59

2.01

1.13

0.88

0.53

0.34

9.72

Alamogordo

0.73

0.52

0.46

0.32

0.5

0.83

2.13

2.13

1.68

1.05

0.54

0.81

11.7

Albuquerque

0.39

0.4

0.48

0.5

0.61

0.65

1.31

1.52

1.02

0.81

0.48

0.49

8.66

Animas

0.7

0.54

0.49

0.19

0.17

0.45

2.2

2.36

1.46

0.99

0.57

1.03

11.15

Belen

0.28

0.4

0.4

0.26

0.31

0.63

1.4

1.32

0.9

0.98

0.2

0.39

7.47

Bernalillo

0.43

0.49

0.56

0.43

0.58

0.55

1.47

1.5

0.83

0.95

0.44

0.47

8.7

Carlsbad
Clayton
Clines
Corners

0.43
0.27

0.44
0.4

0.3
0.65

0.53
1.21

1.24
2.39

1.53
1.91

1.73
2.64

1.96
2.31

2.34
1.68

1.24
1.09

0.49
0.5

0.51
0.38

12.74
15.43

1.05

0.82

0.99

1

1.6

1.61

2.72

3.16

2.24

1.49

1.04

1

18.72

Clovis

0.43

0.43

0.59

1.04

2.1

2.6

2.62

2.96

2.16

1.61

0.56

0.6

17.7

Corrales

0.43

0.39

0.67

0.65

0.68

0.82

1.63

1.95

1.18

0.85

0.91

0.64

10.8

Crownpoint

0.52

0.51

0.49

0.5

0.36

0.67

2.06

1.89

0.85

0.85

0.46

0.61

9.77

Cuba

0.89

0.69

0.88

0.68

0.8

0.8

2.07

2.28

1.38

1.11

0.8

0.72

13.1

Deming

0.48

0.54

0.34

0.2

0.16

0.37

2.07

1.9

1.22

0.79

0.52

0.89

9.48

Espanola
Estancia

0.47
0.54

0.43
0.53

0.59
0.64

0.58
0.55

0.89
1.01

0.75
0.97

1.5
2.19

1.94
2.38

1
1.51

0.9
1.13

0.57
0.64

0.5
0.8

10.12
12.89

Farmington

0.58

0.5

0.55

0.51

0.36

0.46

0.8

1.07

0.83

1.11

0.49

0.62

7.88

Fort Sumner

0.39

0.4

0.44

0.59

1.16

1.47

2.42

2.81

1.8

1.37

0.55

0.49

13.89

Gallup
Grants
Hobbs
Jemez
Springs

0.89
0.51
0.48

0.73
0.43
0.45

0.89
0.52
0.46

0.53
0.45
0.8

0.64
0.57
2.09

0.47
0.57
1.83

1.54
1.71
2.16

1.93
2.1
2.42

1.13
1.35
2.66

1
1.1
1.58

0.99
0.56
0.57

0.74
0.66
0.58

11.48
10.53
16.08

1.08

0.88

1.02

0.89

1.07

1.07

2.61

3.12

1.58

1.5

1.06

0.94

16.82

Las Cruces

0.52

0.33

0.23

0.21

0.33

0.66

1.46

2.27

1.31

0.82

0.46

0.76

9.36

Los Alamos

0.91

0.79

1.1

0.94

1.31

1.38

3.14

3.78

1.82

1.42

0.98

0.98

18.55

Los Lunas
Pecos
Raton

0.35
0.66
0.37

0.42
0.65
0.39

0.46
0.86
0.71

0.44
0.73
0.91

0.49
1.14
2.51

0.57
1.29
2.25

1.23
3
2.87

1.76
3.48
3.34

1.21
1.86
1.88

1.06
1.09
0.92

0.46
0.8
0.49

0.53
0.63
0.41

8.98
16.19
17.05

Roswell

0.42

0.46

0.29

0.6

1.33

1.63

2.01

2.48

2.16

1.06

0.51

0.59

13.54

Ruidoso

1.17

1.2

1.21

0.63

0.94

1.94

4.05

4.03

2.65

1.54

0.85

1.63

21.84

3.1

1.24

1.44

0.93

1.14

1.12

3

3

1.83

1.4

1.31

1.2

20.71

Santa Fe
Shiprock

0.65
0.51

0.74
0.43

0.79
0.46

0.94
0.4

1.33
0.52

1.05
0.32

2.35
0.63

2.17
0.98

1.52
0.67

1.11
0.86

0.62
0.57

0.71
0.59

13.98
6.94

Silver City

1.25

0.85

0.84

0.55

0.21

0.58

2.78

2.48

1.91

1.21

0.49

1.07

14.22

Socorro

0.39

0.39

0.33

0.37

0.59

0.62

2.59

1.77

1.46

0.97

0.37

0.56

10.41

Taos

0.71

0.63

0.83

0.77

1.17

0.89

1.62

1.98

1.25

1.03

0.84

0.68

12.4

Tijeras
T or C

0.63
0.47

0.97
0.37

1.06
0.33

0.9
0.21

0.78
0.42

0.88
0.81

2.45
1.72

2.42
2.11

1.57
1.37

1.46
0.96

0.8
0.54

1.18
0.96

15.1
10.27

Tucumcari
Vaughn

0.26
0.44

0.47
0.44

0.39
0.35

0.87
0.51

1.49
0.92

1.78
1.6

3.3
1.99

2.4
2.56

1.46
1.41

0.94
0.87

0.5
0.41

0.27
0.38

14.13
11.88

Sandia Park

(City of Albuquerque, 1998)
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According to the USDA, the highest elevations of the Sacramento Mountains
receive an average of 32 inches of precipitation and 92 inches of snowfall each year.
Table 3 shows the mean monthly snow-water equivalent from the Natural Resource
Conservation Service’s SNOTEL station number NM05R01S located on Sierra Blanca.
The tables showing the breakdown of snow-water equivalents on a daily basis are shown
in Appendix B.
Table 3. Mean Monthly Averages from SNOTEL,
Sierra Blanca
Snow-Water Equivalent in inches
Year

Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

May

Jun.

July

Aug.

Sept.

2003

0.06

0.84

3.93

5.62

6.57

9.91

4.64

0

0

0

0

0

2004

0.01

0

1.04

1.74

5.79

9.32

4.77

0

0

0

0

0

2005

0.99

5.05

11.39

15.91

19.39

14.72

1.69

0

0

0

0

0

Average

0.3533

1.96

5.4533

7.7567

10.58

11.317

3.7

0

0

0

0

0

(Natural Resource Conservation Service, 2006)

Although this table shows several inches per month as the snow-water equivalent,
the elevation of the SNOTEL station and sublimation has to be taken into account if the
calculations are to be included in harvestable amount at the Chula Vista house. Based not
only on the variation in snow-water equivalent from year to year, but also the losses from
sublimation and evaporation, the assumption has been made that the minimum amount of
rainfall on the Sierra Vista subdivision would be an average of 24 inches/year.
Water Budget Calculations
The design process began with a calculation of a water budget based on the needs
of a two-person household, using the most energy and water-efficient appliances and
methods to determine the baseline for constructing the rainwater harvesting system.
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Taken from the City of Austin’s Sustainable Building Sourcebook, Table 4 is based on
“the average per capita interior water use rates developed by the U.S. Department of
Housing and Urban Development (HUD)” (Austin Energy, 2003).
Table 4. Daily Average Use and Flow Rates by
HUD
Item
Use Rate
Flow Rate
Toilet
4.0 flushes/person
1.6
Shower
4.8 minutes/person
2.5
Washer
0.30 loads/person
40 gallons/load
Dishwasher
0.17 loads/person
8.5
Faucets
8.5 gallons (total)
8.5
Bath
0.14 baths/person
50 gallons/bath

Table 5 shows how the HUD interior water rates would create a water budget for twoperson household for one year.
Table 5. Daily Average Use and Flow Rates by HUD
Item
Toilet
Shower
Washer
Dishwasher
Faucets
Bath

Use Rate (day)
4 flushes/person
4.8
minutes/person
0.3 loads/person
0.17 loads/person
8.5 (total use/day)
0.14 baths/person

Flow Rate (gallons)
1.6 gallons
2.5 gallons
40 gallons
8.5 gallons
1 gallon
50 gallons
Total/person/day
Total for two people/day
Total for two
people/year

Total/person/day
6.4 gallons
12 gallons
12 gallons
1.445 gallons
8.5 gallons
7 gallons
47.35 gallons
94.7 gallons
34,562 gallons

A water savings is shown when water efficient appliances and technologies are
implemented into the design. By reconfiguring Table 4, a more realistic water budget is
created. Table 6 shows how appliances are used in a water budget. This table assumes
that baths are not taken because they are a large water “user”. Also, assumptions are
made that washers and dishwashers are only used once every three days, and that the 40
gallon washer is replaced with a high-efficiency washer that uses 18 gallons/wash.
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Table 6. HUD Daily Average Use and Flow Rates
Item
Use Rate
Flow Rate
Totals/Day
Toilet
4
1.6
6.4
Shower
4.8
2.5
12
Faucets
8.5
1
8.5
Totals/person/day
26.9
Totals/two people/day
53.8
Dishwasher
0.3
8.5
2.55
Washer
0.3
18
5.4
Totals including other
61.75
Totals/two people/year
22,539
Apply a high-efficiency washing machine that will use 18 gallons of water instead of
40 gallons.
Assumed that two people will use the toilet, shower, and faucets for a year.
Factor that washer and dishwasher will be used two to three times a week.
Baths are not used at all in a year.

Another version of a water budget comparable to the HUD budget is using simple
calculations coupled with high-efficiency and/or “low-flow” products (including on
demand hot water tankless heaters), which can be done by monitoring actual use in one
month and representing the results as follows:
Water Budget for two person household:
1. Shower: 2 gallons/minute. 7 minute shower x 2 = 28 gallons (Oxygenics brand
showerheads)
2. Cooking: 12/gallons/day
3. Washing machine OR dishwasher = 18 gallons every other day (will vary,
dishwasher uses 12 gallons and washing machine uses 18 gallons)
4. Toilets: 1.6 gallons. 6 flushes/day x 1.6 gallons = 9.6 gallons
5. Miscellaneous: 2 gallons
6. Total without washer or dishwasher use factored: 51.6 gallons/day = 18,834
gallons/year
7. Total yearly use or 3. = 3,339 gallons/year
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8. Total use per year: 18,834 + 3,339 = 22,173 gallons/year
Each of the high-efficiency water budgets has come between 22,000 and 23,000
gallons of water to serve a two-person household at 113 Chula Vista Circle for one year.

Harvestable Amount Calculations
The next step in the home design was to find the correct calculations for an
approximate supply of water that could be harvested given a known roof area and known
annual rainfall. Table 7 is taken from “Rainwater Harvesting, Supply From the Sky, A
Publication by the City of Albuquerque. It shows an annual approximate supply in
gallons/square foot from a given amount of annual rainfall.
Table 7. Inches and Gallon Equivalent
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

0
0.6
1.3
1.9
2.5
3.1
3.7
4.4
5
5.6
6.2
6.8
7.5
8.1
8.7
9.3

(City of Albuquerque, 1998)

Although this table does not reach 24 inches of rainfall annually, it does show that 15
inches of annual rainfall would approximately yield 9.3 gallons of harvestable water per
square foot of roof area. As mentioned in an earlier section, the house on Chula Vista
Circle will have a roof area of 2,500 square feet. Table 8 below shows the harvestable
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amount of rainwater from a 2,500 square foot roof area with a precipitation rate of 15
inches per year.
Table 8. Harvestable Amount of
Water
inches/year gallons/square foot
15
9.3
Total harvestable amount/year

Roof Area
2,500
23,250

However, because the Albuquerque Rainwater Harvesting Guide does not include
rainfall in excess of 15 inches annually, it makes home design and construction for
rainwater harvesting in Alto, NM, inaccurate because the harvestable amount is an
estimate of rainfall yield for a particular area. The total harvestable amount/year at
23,250 does, nonetheless, prove optimistic in that the rainfall will provide enough
annually to serve a two-person household in Ruidoso, NM. The City of Austin
Sustainable Building Sourcebook does provide a table, shown below, displaying a
harvestable amount of water based on roof area and rainfall equaling and exceeding 24
inches annually.
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Table 9. City of Austin Sustainable Building
Sourcebook
Annual Rainfall Yield in Gallons for Various Roof Sizes and Rainfall Amounts
Roof
Size/ft^2
Rainfall in inches
20

24

28

32

1000

11,236

13,483

15,730

17,978

1100

12,360

14,832

17,303

19,775

1200

13,483

16,180

18,876

21,573

1300

14,607

17,528

20,450

23,371

1400

15,730

18,876

22,023

25,169

1500

16,854

20,225

23,596

26,966

1600

17,978

21,573

25,169

28,764

1700

19,101

22,921

26,742

30,562

1800

20,225

24,270

28,315

32,360

1900

21,348

25,618

29,888

34,157

2000

22,472

26,966

31,461

35,955

2100

23,596

28,315

33,034

37,753

2200

24,719

29,663

34,607

39,551

2300

25,843

31,011

36,180

41,348

2400

26,966

32,360

37,753

43,146

2500

28,090

33,708

39,326

44,944

(Austin Energy, 2003)
This table shows that a 2,500 square foot roof area and 24 inches of rainfall per
year would yield a harvestable amount of 33,708 gallons/year. Comparing this number to
the water budget of 23,000 gallons/year needed to sustain a two-person household, leaves
an excess of over 10,000 gallons of water/year that would potentially runoff. Table 10
below shows the amount of rainwater in inches that can be captured based on roof area.
The totals are in gallons.
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Table 10. Roof
Area and Rainfall
Square Feet of Roof
Area

Rainfall in
inches
0.025

0.5

0.75

1

2

3

4

1000

140

281

421

562

1124

1685

2247

1100

154

309

463

618

1236

1854

2472

1200

169

337

506

674

1348

2022

2697

1300

183

365

548

730

1461

2191

2921

1400

197

393

590

787

1573

2360

3146

1500

211

421

632

843

1685

2528

3371

1600

225

449

674

899

1798

2697

3596

1700

239

478

716

955

1910

2865

3820

1800

253

506

758

1011

2022

3034

4045

1900

267

534

801

1067

2135

3202

4270

2000

281

562

843

1124

2247

3371

4494

2100

295

590

885

1180

2360

3539

4719

2200

309

618

917

1236

2472

3708

4944

2300

323

646

969

1292

2584

3876

5169

2400

337

674

1011

1348

2697

4045

5393

2500

351

702

1053

1405

2809

4214

5618

(Austin Energy, 2003)
When comparing the NOAA data for rainfall in inches for Ruidoso, shown in chart 1, an
estimate for monthly rainwater yield can be made.
Chart 1. Average Precipitation in
Ruidoso, taken from the Western
Regional Climate Center and NOAA.
January
1.17
February
1.2
March
1.21
April
0.63
May
0.94
June
1.94
July
4.05
August
4.03
September
2.65
October
1.54
November
0.85
December
1.63

(City of Albuquerque, 1998)
Precipitation in the form of rainfall is abundant in the summer and winter months, but is
scarce in the fall and spring. Therefore, based on the water budget calculated at an
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approximate use of 2,000 gallons per month, a storage capacity of 15,000 gallons will be
needed to maintain a constant and adequate supply for moisture deficits in the fall and
spring, and snow losses including sublimation from October through May.

Drought Condition Simulation
All precipitation scenarios need to be evaluated before implementing the design
of the rainwater system. What needs to be taken into account is a 100-year drought
scenario. In speaking with members of the community, I have found that the most severe
drought that any could recall was in the 1950’s when Ruidoso received only 17 inches of
precipitation in one year. Although this is six inches less than the 24 inches/year average,
it would still be enough to sustain the entire water needs for the Chula Vista house,
without changing the water budget or relying on any alternative sources, based on Chart 1
provided by the City of Albuquerque for rainwater harvesting. It should be noted that if
precipitation does fall below 15 inches/year, water could then be trucked in by a local
water delivery service who receives the water from a pre-1907 surface water right in the
Hondo River basin. Although no person could recall less than 17 inches of precipitation
in one year, annual water yield has been calculated in Table 11 below, simulating what
would happen to the rainwater harvesting house and the water budget during different
drought scenarios.
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Table 11.
Average
YR

Drought Condition Simulation

Collectable
Amount (CA)

CA Needed for
household use

Total
excess/shortage

33,708

23,000

10,708

Action Implemented
10,708 becomes
runoff

70% AV
23,595
23,000
595
595 becomes runoff
50%
*Retrofit, reuse
AVG
16,854
23,000
(6,146)
graywater in toilets.
40%
**Water delivered
AVG
13,483
19,663
(6,180)
from al local service.
30%
**Water delivered
AVG
10,112
19,663
(9,551)
from al local service.
20%
**Water delivered
AVG
6,741
19,663
(12,922)
from al local service.
10%
**Water delivered
AVG
3,370
19,663
(16,293)
from al local service.
*Based on calculations in water budget that a two-person household would use 9.6 gallons/day for
toilet use. This amounts to 3,504 gallons per year. Graywater from sinks and showers can be reused
as water for toilet use. This now changes the collectable amount (CA) needed for household use from
23,000 to 19,663.
**Water is delivered by a local service with a pre-1907 water right. The cost is $190.00 per 5,000
gallons.

The above sections have detailed how the water budget was created and how the roof
area of the Chula Vista house will yield the amount of rainwater needed to sustain a twoperson household. The following section shows systematically how the rainwater
harvesting system is being constructed, from the concept of a first-flush diversion, to
purification for drinking water.

Construction of System at 113 Chula Vista Circle
After the calculations are made and are proved accurate for both a water budget
and a harvestable yield, based not only on average conditions, but also for 100-year
drought conditions, the next step is to begin the implementation of the design that will
work for the property. The roof construction of the home is an allusion of a flat roof, but
has a 1/12 pitch, which is hidden by a parapet wall that will act as a retainer for snow.
“For potable use of rainwater, the best roof materials are metal, clay, and cementitious,
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although all roof material types except asbestos have been used. Lead materials in any
form, including flashing, should not be used” (Austin Energy, 2003).
The roof itself will be constructed out of galvanized metal, which will facilitate
runoff into gutters in larger amounts than other materials. I opted for this type of roof
construction because of the large amounts of snow that are received in our area, and I
wanted to capture the precipitation and prevent the snow from leaving the roof line so
that it will melt and then be diverted into the cisterns. New Mexico is a state that has
varying moisture conditions, based on monsoonal variations and climate patterns. As
shown in the annual average precipitation chart in the above section, Ruidoso receives the
majority of moisture during the monsoonal months of late June through early September,
receiving on average 3.17 inches/month although the heaviest rain falls in July and
August, averaging a little over 4 inches/month (City of Albuquerque, 1998).
Precipitation in the lower elevations does not fall again in large amounts until June,
which averages about 1.94 inches. However, the higher elevations of the Ski Apache Ski
Area receive the majority of precipitation in the form of snow during the winter months
of December through March as shown in Table 3, Mean Monthly Averages from
SNOTEL, Sierra Blanca, in a previous section. These variations leave approximately 7
months between heavy precipitation events. Not only will the system have to store water
for that amount of time, it will also have to have to capacity to take in 4 inches of water
falling in one month. Based on Table 10, Roof Area and Rainfall, in the above section, 4
inches raining on a 2,500 square foot roof area would yield 5,618 gallons of water. A
rainfall of 3 inches would yield 4,214 gallons, and 1.3 inches would yield a little over
1,450 gallons of water.
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Holding Capacity
In order to accommodate a system with capacity needs this high; five 3,000 gallon
cisterns will be stored in the garage, resulting in a maximum of 15,000 gallons of water
storage at any given time. Figure 2 shows the type, style, and size of the cisterns that will
be used.
Figure 2. Polypropylene Tank

Photo by Christina Humphries
Chart 2, taken from the Texas Guide to Rainwater Harvesting, outlines the materials that
can be used for rainwater harvesting systems and the potential problems they may pose.
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Chart 2. Material Types for Rainwater Harvesting Systems

Material

Features

Caution

commercially available,
inexpensive.
commercially available,
alterable and moveable
commercially available,
alterable and moveable.

use only new cans.
must be sited on smooth, solid
level footing.
UV-degradable, must be painted
or tinted.

commercially available,
alterable and moveable.
commercially available,
alterable and moveable.

verify prior to use for toxics;
prone to corrosion and rust.
possibly corrosion and rust;
must be lined for potable use.

durable and immovable
durable and immovable
durable and immovable

potential to crack and fail
difficult to maintain
potential to crack and fail

attractive, durable, can
be disassembled and
moved.

expensive

Plastics
Trash cans (20-50 gallon)
Fiberglass

Polyethylene/polypropylene

Metals
Steel drums (55-gallon)
Galvanized steel tanks

Concrete and
Masonry
Ferrocement
Stone, concrete block
Monolithic/Poured-in-place

Wood
Redwood, fir, cypress

(Texas Water Development Board, 2005)
Chart 3 shows how the system works in relation to the collectable amount (CA) of water
(determined by roof area and precipitation amount), the monthly use (determined by the
water budget), and excess which reflects the amount of water (in gallons) held in the
tanks for future use.
Chart 3. Collectable Amount (CA) in Relation to Monthly Use
Year and
Month

Precipitation and CA

Monthly Use

Excess to become potential runoff

Jun-06

2 inches = 2,809 CA

(2,000)

809

Jul-06

4 inches = 5,618 CA

(2,000)

3,618

Aug-06

4 inches = 5,618 CA

(2,000)

3,618

Sep-06

3 inches = 4,214 CA

(2,000)

2,214

Oct-06

2 inches = 2,809 CA

(2,000)
TOTAL

809
11,068
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The total excess as of October 2006 of 11,068 is the amount of water, in gallons, left in
the tanks after the monsoon season. Chart 4 shows how water is added to and taken away
from the amount of water held in the tanks.
Chart 4. Collectable Amount (CA) in Relation to Monthly
Use In Gallons
Year and
Month
Nov-06
Dec-06
Jan-07
Feb-07
Mar-07
Apr-07
May-07
Jun-07
Jul-07
Aug-07
Sep-07
Oct-07

Excess
amount in
tank/month
11,068
10,121
9,526
8,579
7,632
6,685
5,036
3,738
4,547
8,165
11,783
13,997

Precipitation and CA
3/4 inch = 1,053 CA
1 inch = 1,405 CA
3/4 inch = 1,053 CA
3/4 inch = 1,053 CA
3/4 inch = 1,053 CA
1/4 inch = 351 CA
1/2 inch = 702 CA
2 inches = 2,809 CA
4 inches = 5,618 CA
4 inches = 5,618 CA
3 inches = 4,214 CA
2 inches = 2,809 CA

Monthly Use
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)
(2,000)

New
Excess
10,121
9,526
8,579
7,632
6,685
5,036
3,736
4,547
8,165
11,783
13,997
14,816

These charts not only show how water is accrued in the tanks on any given month, they
also show how the water will build up in excess of what is actually needed during
average precipitation years.
Not only will the construction have to house this size of rainwater harvesting
system (each 3,000 gallon cistern will need an 8 foot x 8 foot space), it will also have to
have a guttering system strong enough to convey this amount of water. Before the
guttering system is discussed, the concept of a first-flush roof washer needs to be
included. The idea behind a roof-washing diversion is to cleanse the roof of any leaves,
animal excrements, and bugs before the rainwater is diverted into the household cisterns.
According to the research developed in “Quantifying the First-Flush Phenomenon” by
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Dr. Brett Martinson for the University of Warwick Coventry, the authors state to “design
a first-flush diversion system, we therefore suggest to you:
1. measure mean runoff turbidity on wet days following at least 3 dry days,
2. select a target maximum at which we will allow water to enter the main tank,
-20 NTU is usually sufficient,
3. employ the table below to decide how many inches to divert,
4. divert that amount of water whenever rainfall follows at least 3 dry days”
(Martinson, 2005).
Table 12. Recommended First-Flush Amounts
(in inches)
Target
turbidity
Mean runoff turbidity (NTU)
1.97 0.79 0.39
1.97
0 0.06
0.1
3.9 0.04
0.1 0.14
7.9 0.08 0.14 0.18
19.7 0.14 0.18 0.22
39.4 0.18 0.22 0.26

0.2
0.14
0.18
0.22
0.26
0.3

(Martinson, 2005).
Table 12 above and the previous recommendations are obscure and hard to
follow, so I will use the roof washing diversions from the “Texas Guide to Rainwater
Harvesting” which suggests to divert “between one and two gallons/100 square feet of
roofing”, (Texas Water Development Board, 2005). Also based on this manual, a firstflush device will be constructed of 4” diameter PVC pipe, shown in Figure 3 below, will
need 18” length per gallon of water. The roof-washing diversion off the Chula Vista
house will divert about 25 gallons, based on diverting 1 gallons/100 square feet of
roofing. As the diagram below shows, “the diverter fills with water first, backs up, and
then allows water to flow into the main collection piping. These standpipes usually have
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a cleanout fitting at the bottom, and must be emptied and cleaned out after each rainfall
event” (Texas Water Development Board, 2005).
Figure 3. Standard Standpipe

(Texas Water Development Board, 2005)
Figure 4 below is a variation on the standard standpipe diversion. This standpipe is
different in that contains a floating ball. Once the diverted water reaches the top of the
standpipe, the ball seals itself to the ring above it, allowing the remaining rainwater to
enter the cisterns.
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Figure 4. Variation Standpipe

(Texas Water Development Board, 2005)
The house on Chula Vista will use one of these two variations of a standpipe diversion. It
should be noted that daily precipitation events would not require the use of the first flush
device. The cleanout fitting may remain full of water during these successive events or
can be equipped with a closure valve which would not allow water to divert into it. This
device should be used primarily for intermittent rainfall events to cleanse the roof of any
debris or other build-up that might clog filters or contaminate the tanks.
Now that a roof-washing diversion plan has been created, the guttering system
will be discussed. Since the Chula Vista house is being built entirely as a custom home,
the inclusion of a custom guttering system will also be built into the design. Figure 5,
shown below depicts the 1/12 roof pitch.
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Figure 5. 1/12 Roof Pitch

Photo by Christina Humphries
Within the roof, a series of eight 3-inch PVC gutters or drains, equipped with leaf
screens enter into the exterior walls. Figures 6 through 9 depicts the configuration of the
drains.
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Figure 6. PVC Joint Connection

Photo by Christina Humphries
Figure 7. Drain Length on 12 Foot Wall

Photograph by Christina Humphries
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Figure 8. Combined Drain through 12 Foot Exterior Wall

Photograph by Christina Humphries
Figure 9. Combined Drain through 8 Foot Exterior Wall

Photograph by Christina Humphries
The four 3-inch drains located on the north end are connected underneath the
house by a 4-inch PVC pipe which leads to the series of tanks, located at the southeast
corner of the house. The four 3-inch PVC drains on the south end also connect to a
separate 4-inch PVC pipe underneath the house and enter directly into the series of tanks,
this is shown in Figure 10 below.
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Figure 10. Pipe Connection

Photograph by Christina Humphries
The polypropylene cisterns are located in the garage area of the property and will
be placed on top of compacted sand. Since bedrock was hit during construction of the
house, a concrete pad will not be necessary, and erosion is not an issue because the
cisterns are located within the house (Texas Water Development Board, 2005). Given
that the water source is beginning on an open area, exposed to many potential
contaminants and then routed into cisterns, the following section will show how
preventative measures will be taken to ensure that the rainwater entering the cisterns will
not be contaminated.

Contaminant Prevention
The location of the Chula Vista house is rural, and therefore urban contaminants
are not included in this paper. The most important prevention of water contamination is
through fecal waste. To prevent access to our roof by rodents (and to stay fire-wise), we
have removed all trees within 10 feet of the house. In addition, all gutters have a gutter
screen constructed of wire mesh, to keep any birds, rodents or other small animals out of
the guttering system. Also, on the cisterns that will be receiving water directly from the
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gutter piping, a wire mesh basket will be installed to further filter the incoming water. All
other cistern openings will be sealed with a lid. To further prevent contamination we will
reference the charts found in Appendix A of this document and employ the corrective
measures. Those charts are taken directly from the Australian Governments Guidance on
Use of Rainwater Tanks and provide information on both contaminant hazards and
aesthetic nuisances.
An important part of a rainwater harvesting system is keeping the water safe from
contamination. By following the charts in Appendix A, contamination can be prevented,
and aesthetic quality can maintain its integrity. The following section will discuss how
the tanks are designated for filtration and how the system will be connected.

Tank Designation and Connection
The tanks will be placed in rows with 3-inch diameter PVC piping connecting
each tank two feet from the bottom. The connection is located at two feet from the
bottom of the tanks to prevent any settled debris or other particulate from entering into
each cistern. The piping between the tanks will be equipped with shut-off valves so that
each tank can be dealt with separately, without undermining the entire system. All five of
the 3,000 gallon cisterns will be designated as settling tanks, but only two will be set up
to receive the actual rainwater conveyed through the gutter pipes to the cisterns. These
two will be marked as receiving tanks in a conspicuous area to ensure they are identified.
After the rainwater enters the two cisterns, it will begin to settle out any particulate and
debris that passed through all the preventative measures, including the leaf screens, the
roof-washing diversion, and the wire mesh basket. Once the water in the first cistern
reaches the two-foot mark, it will begin to flow into the second cistern, and the process
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will be repeated until all cisterns are filling simultaneously. Depending on the “freshness”
of the water, an ozonator may be added in the future to circulate the water to ensure its
“freshness” (Texas Water Development Board, 2005). There are two designated
receiving tanks because of the high amounts of rainwater that will be harvested in the
monsoonal months.
Once the water, both drinking and other household use, is ready to be used, the
system then relies on a pumping system consisting of a pump, pressure tank, pressure
switch, and a check valve, to draw water out of the cisterns, pressurize it, and store it in a
pressure tank. The following excerpt is taken from the “Texas Guide to Rainwater
Harvesting”. It details how the pump and pressure system work.
“A one-way check valve between the storage tank and the pump prevents
pressurized water from being returned to the tank. The pressure switch regulates
operation of the pressure tank. The pressure tank, with a typical capacity of 40 gallons,
maintains pressure throughout the system. When the pressure tank reaches a preset
threshold, the pressure switch cuts off power to the pump. When there is demand from
the household, the pressure switch detects the drop in pressure in the tank and activates
the pump, drawing more water into the pressure tank” (Texas Water Development Board,
2005).
At this point, water is pressurized to the standard for municipal water pressure.
From the pressure tank the water is then conveyed through a ½ inch water line which
passes through filters that are parallel to one another. The first of the two filters is a 5micron filter that removes suspended particles and dust. The second filter is a 3-micron
activated charcoal filter which traps microscopic particles while organic molecules are
absorbed by it. The water will then pass through another filter which contains a UV
cartridge, approved by the NSF Foundation, which will further disinfect the water from
cysts that are not affected by filters or chlorine that has been added to the holding tanks
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(Texas Water Development Board, 2005). Figure 11 shows how this filtration system is
setup, from pump to filters, including the UV setup.
Figure 11. Filtration System

(Texas Water Development Board, 2005)
On the following page, Table 13 Filtering and Disinfection shows the filtering and
disinfection types and associated costs, maintenance, and effectiveness.
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Table 13. Filtering and Disinfection

Filtering and Disinfection
Cost

Maintenance
Filter must be changed
regularly

Effectiveness

Comments

Removes
particles > 3 microns
Removes particles
>0.01 microns

A disinfection treatment
is also recommended.
A disinfection treatment
is also recommended.

Cartridge
Filter

$20-60

RO Filter

$400-1500

UV Light
Disinfection

$3501000;$80
to replace
the UV bulb

Change filter when clogged
(depends on turbidity)
Change UV bulb every
10,000 hours or 14 months;
the protective cover must
be cleaned regularly

$700-2600

Effectiveness must be
monitored with frequent
testing or an in-line monitor
($1,200 or more)

Less effective in high
turbidity, can be
improved with prefiltering

Requires a pump to
circulate the ozone
molecules

Monthly dose applied
manually

High turbidity requires
a higher concentration
or prolonged exposure
but this can be
mitigated by prefiltering

Excessive chlorination
may be linked to
negative health impacts

Ozone
Disinfection

Chlorine
Disinfection

$1/month
manual
dose or a
$600-3000
self-dosing
system

Disinfects filtered
water
provided there are <
1,000 coliforms per
100 milliliters

Water must be filtered
prior to exposure for
maximum effectiveness

(Texas Water Development Board, 2005)
The water can then be used throughout the household as drinking water. It should be noted
that the first time this process will be done at the Chula Vista house, the water will be sent
to National Sanitation Foundation (NSF), an independent certification and testing
organization, to ensure the quality meets drinking water standards, and will be tested
throughout randomly throughout the use of the system. The following section will discuss
how to keep the rainwater harvesting system that was constructed above maintained and
working properly.
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System Maintenance
Using rainwater for household use and drinking water requires some maintenance to ensure
not only that the system will work properly but will also guarantee that the quality of the
water maintains drinking water standards. Chart 5 shows the types of maintenance and
when it will be required.
Chart 5. Rainwater Harvesting Maintenance
Type of Maintenance
Leaf Screens
Roof Diversion standpipe
Mesh basket in Cistern
Cisterns
Piping
5-Micron Filter
3-Micron Filter
UV Cartridge
Pressure Tank
Pump
Water Quality

Required Checks
Twice/month for cleaning off debris
Emptied and cleaned after each rainfall
Once/month
Inspect yearly, replace every 25-30 years
Inspect yearly
Inspect Monthly, replace when compromised
Inspect Monthly, replace when compromised
Inspect Monthly, replace when compromised
Inspect Yearly
Inspect Yearly
Send off sample 4x/year

It is imperative that water quality be sent off for standards testing four times per
year to ensure drinking water standards. Also the cisterns need to be desludged every 2-3
years. According to the Australian Governments Guidance on Use of Rainwater Tanks,
“Sludge can be removed by siphoning without emptying the tank. To do this, use an
inverted funnel in the end of a hose and move it carefully across the bottom of the tank.
The sludge, plus the lower portion of the water in the tank, can be released to waste”
(Australian Government, 2004). Sludge can also be removed by draining the tank and
entering inside of it. This type of cleaning should be only be used to remove sediment and
debris from the bottom of the tank.
As discussed in an earlier section, there were several reasons that created the need
to design a home that could accommodate a rainwater harvesting system as the sole water
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provider. By identifying the water needs of the home, and expressing those needs in a
water budget and comparing that budget to the harvestable yield of the area in which the
home is being built, the house structure and the rainwater harvesting system can then be
designed. Although rainwater harvesting systems require some initial planning and setup,
as well as yearly maintenance, as seen at 113 Chula Vista Circle, they can provide a viable
water alternative. The subsequent section shows a simple cost comparison of rainwater
harvesting versus two other methods of water supplies, drilling a well and hauling in water
from a delivery service.

Cost Comparison of Rainwater Harvesting Versus Conventional
Methods
Although there is a great deal of planning that is required for the implementation
of a rainwater harvesting system, the costs associated with the system setup are relatively
affordable. The following charts show a range of costs associated with water supply. The
“Amount Needed” column relates the needs for the Chula Vista house, based on where a
well might be drilled in relation to septic and drainage field areas. Also, I am assuming that
the house will always require a guttering system to divert water away from the foundation
so that cost is not shown in this comparison.
Table 14 shows the costs of drilling a well at Chula Vista Circle. A pressure tank
and a pump are needed to get the water from the holding tank to the house. In addition,
another pump is needed, at a cost of $4,000 to pump the water out of the well. The PVC
pipe is in cost per foot. I am assuming that the holding tank will be 40 feet west of where
the house is located. Also needed are filters and possibly a UV system if the groundwater
does not meet standards. The drilling costs were determined by contacting a local well
drilling company called Usrey Drilling. They charge $20 per foot which includes 7 ½ inch
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PVC, the 4 ½ inch casing, and the sanitary seal. Additional charges include the domestic
well permit with the Office of the State Engineer which increased from $15.00 to $125.00.
Table 14. Cost Comparison of Rainwater Harvesting versus
Conventional Methods
Drilling a Well
Amount Needed
Cost
Total
Pressure Tank
1 $300
$300
Pump
1 $4,800
$4,800
PVC pipe per foot*
40 $5
$200
Holding Tanks/Cisterns
1 $1,500
$1,500
UV set-up**
1 $500
$500
filters
2 $60
$120
drilling costs per foot***
800 $20
$16,000
permit/application
1 $125
$125
Total Cost for Drilling a Well
$23,545
*The amount needed for PVC pipe is from the well to the house.
**UV set-up is not required for wells, but should be recommended to ensure clean water.
***The drilling costs per foot are based on the wells that have been dug in the Sierra Vista
subdivision. The majority are between 650-900 feet in depth.
The pump price includes the pump needed from the cistern to the house at $800 and the
pump needed to pump the water out of the well at $4,000.

The costs associated with hauling in water are the same from holding tank to
house as drilling a well or harvesting rainwater, but there is a monthly service charge for
the water being hauled in and deposited in the holding tank(s). If I decided to haul in water
for the Chula Vista house, the costs would include not only what is listed as initial setup in
Table 15 below, but also a monthly fee of $190.00 based on the 5,000 gallon holding
capacity of the water truck. The service charge will always be $190.00 regardless if 500 or
5,000 gallons are needed. It should be noted that the costs of hauling in water are subject
to change based on water availability, need, and fuel charges. This information was
obtained from Jack Johnson, Inc.
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Table 15. Cost Comparison of Rainwater Harvesting versus
Conventional Methods
Hauling in Water
Amount
Needed
1
1
40
1
1
2
NA

Cost
$300
$4,800
$5
$1,500
$500
$60
NA

Total
$300
$4,800
$200
$1,500
$500
$120
NA

Pressure Tank
Pump
PVC pipe per foot*
Holding Tanks/Cisterns
UV set-up
filters
drilling costs per foot
water hauling fees per 5,000
gallons**
6
$190
$1,140
permit/application
NA
NA
NA
Total cost for hauling in water***
$8,560
*The amount needed for PVC pipe is from the holding tank to the house.
**The water hauling fees are based on a cost of $190 per 5,000 gallons. Based
on the water budget that was calculated in a previous section of 23,000 a year for
two people. The monthly use would be approximately 2,000 gallons/month.
Besides the $8,560 for the setup there will be a continual monthly service charge
of $190.

The rainwater harvesting costs are similar to both those of hauling in water and drilling a
well also, but the cost difference is shown in the source. Drilling a well has costs
associated with the drilling, at $20.00 per foot, and hauling in water costs $190.00 for
5,000 gallons. As shown in Table 16 below, rainwater does not have a cost associated with
its source. Therefore, all of the costs are for holding and treating the water.
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Table 16. Cost Comparison of Rainwater Harvesting
versus Conventional Methods
Rainwater
Harvesting
Amount
Needed**
Costs
Total $
Pressure Tank(s)
1
$300
$300
Pump(s)
1
$800
$800
PVC pipe per foot*
30
$5
$150
Water Tanks/Cisterns
5
$1,500
$7,500
UV set-up
1
$500
$500
Filters
2
$60
$120
drilling costs per foot
NA
NA
NA
Permit/application
NA
NA
NA
Total Cost for Rainwater Harvesting Setup
$9,370
*In this case the PVC pipe per foot is for the standpipe for the roof-washing
diversion. This cost is not for plumbing inside the house. It is assumed that
all houses, regardless of water delivery system will have the same indoor
plumbing requirements.
** The amount needed is for initial setup only. Replacement for each item
will occur at different times. For example, the filters need to be replaced
every 1 to 2 years, where the water tanks need to be replaced every 30-40
years.

Table 17 shows a comparison of costs for rainwater harvesting, hauling in water, and
drilling a well. As shown, the cheapest is rainwater harvesting.
Table 17.
Rainwater
Harvesting
$9,370

Comparison of Total Costs
Drilling a
Hauling in Water* Well
$8,560
$23,545

It should be noted that this is for setup only, does not include
replacement costs of the materials.
* Hauling in water amount includes the first delivery of 5,000 gallons of
water at $190.00. After this there will be a monthly charge of $190.00

It should be noted that rainwater harvesting is not always the most economical
way to supply water. It is, however, economical when water resources are scarce and
groundwater is at a great depth from the surface. The following section will discuss the
conclusions and follow up with some recommendations.
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Conclusions
Used for centuries in the past, rainwater harvesting systems are proving
themselves to be viable for use in the future. With many western states in the United
States already publishing how-to manuals and including guidelines into building codes
for implementing rainwater harvesting systems for non-potable uses, it will only be a
matter of time before these outdoor uses will become indoor, potable uses. Although
regulations governing the use of rainwater harvesting systems for potable uses do not
exist yet, they are being considered by planners and policy makers throughout the
western U.S. This paper has been designed in sections to show the beginning and end
results of implementing a rainwater harvesting system. Three western states, Texas,
Arizona, and New Mexico, have included rainwater harvesting into planning guidelines,
but not in their building codes or regulations. I was interested in identifying the
guidelines set forth by Australia for drinking water and the inclusion of regulations for
rainwater harvesting systems by the Australia Capital Territory. By adapting the
Australian regulations to New Mexico Plumbing Code I wanted to illustrate how the
house at 113 Chula Vista Circle could include rainwater harvesting into the plumbing. In
addition, by identifying poor water policy and management decisions it was shown that
rainwater harvesting was needed to ensure water availability to the new construction.
The final section detailed how to calculate both a water budget and harvestable amount
and was followed by how to construct a home to accommodate this type of system.
Although my vision is that this paper will be used to help home builders and owners build
their own rainwater harvesting systems for potable use, I would also like this paper and
my house to show how important our water resources are, and that even though water
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resources are often mismanaged, proper planning can rectify even the most dire
situations.

This paper should be used by those people interested in overcoming poor

municipal water management through implementing a rainwater harvesting system in
new construction and by those interested in treating and purifying that water for indoor,
potable standards.

Recommendations
Through my research and the building process, I have formulated some recommendations
that could be applied both locally and state-wide.
The need for plumbing codes and regulations addressing the issue of rainwater
harvesting for potable supply is greatly needed. Water availability will be an increasing
issue, and construction in the West does not show signs of slowing down. By including
these types of systems into regulation and code, it not only allows the homeowner, who
will ultimately be responsible for the water needs and availability of supply, to be
mindful of water conservation measures within the household, but this type of system
will also decrease some dependence on the municipality, and the state will benefit by a
slower water runoff rate during the monsoon seasons. In addition, it will give builders
and homeowners direction and ensure public safety by regulating potable use of rainwater
harvesting to drinking quality standards.
The mismanagement of water resources affects everyone. In areas where
municipal supply is derived, such as Eagle Creek in Ruidoso, NM, a collaboratively
created Watershed Management Plan, involving all stakeholders, should be place. It is by
developing and understanding the Plan that people understand what, why, and how water
resources are used.
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The last recommendation is that water conservation is a valuable component to
water resource management. Even though the household use for this residential
construction is less than 2,000 gallons/month for two people, it is only by continual,
planned conservation that using a rainwater harvesting system will supply all household
water needs.
Figure 11. Sunset Over Construction Site

Photograph by Christina Humphries
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